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POLYMER-BASED MICROMACHINING 
TECHNOLOGY FOR MICROFLUIDIC DEVICES 

This invention was made with U.S. government support under grant NIH-ROl- 
H60I044 awarded by the National Institutes of Health. The U.S. government has certain 
rights tn the invention. 

FIELD OF THE INVENTION 

The present invention relates to compotxnds and methods for micromachining, and in 
particular, polymer-based technology for fabric^ng microflusdic devices. 

BACKGROUND 

Microfluidic systems are highly useful in medical diagnostics, environmental 
monitorings. biological food testing, chemical sensing and analysis. Current efforts on the 
fabrication of microfluidic systems and fluidic technologies have been mainly focused on 
individual component development Individual components such as pumps [See M. Esashi ei 
ai. -Normally Close Microvalvc and Micropump Fab^caied on a Silicon Wafer/ in 
Iniernmional Workshop on Micro Eieciromechanical Sysiems (MEMS 89), pp. 29-34 (1989): 
R. Zengene ei uL. '*A Micro Membrane Pump with Electrostatic Actuation." in ImermHkmtd 
lVorkxht>p on Micro Electromechanical Sysiems (MEMS 92). pp. 19-24 (1992); W. Zang and 
CM, Ahn. "A Bi-directional Magnetic Micropump on a Silicon Wafer/ in iniemational 
IVorkshfpp im SoliilSiate Sensors ami AOMors (Hilton Head '96K pp. 94-97 (1996)), valves 
\See T. Ohnstetn ei al., "Mkhromachined Silicon Valve/ in International fVorkshop on Soiiil' 
Siate Scmi»rs ttnd Actnators t Hilton Head '90), pp.95-97 (1990): J.O. Smith. "Piezoekctnc 
Micropump with Three Valves Working Peristaltically. "Sensors and Actuators, Vol. A2I-23, 
pp. 203-206 (1990): Y.-C Lin et aL, "Characteristics of a Polyamide Microvalve." in 
Imernoiitmal Workshop on f^olid-Stafe Sensors and Actuanprs (Hilton Head '96), pp, 113-116 
( I996)|. Iluidic channels |J. Pfahler et o/./Liquid Transport in Micron and Submicron 
Cliannels.* Sensitrs and Actttators. VoL A2I-23. pp. 43M34 (1990)1. reaction chambers fS. 
Nakagawa et a/.. "A Micro Chemical Analyzii^ Syslem Integrated on a Silicon Wafer.** in 
Intematiimal Workshop on StdiO^State Sensors and Actuators (Hilton Head JWApp. 89-94 
( 1990)). separation stages [DJ- Harrison et ai., "Chemical Analysis and Electrophoicsis 
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Systems Integrated on Glass and Silicon Chips»** in International Workshop on SolidState 
Sensors and Actuators (HUton Head '92), pp. 110-113 (1992); A. Manz et al.:" ImcffMed 
Electrooonotic Pumps and Fl w N4anifoids for Total Chemical Analysis Systems,** in 
Transducers '91, pp. 939-941 (1991); A. Manz et al., "Planar Chips Technology for 
5 Miniaturizatkm ml Integration of Separation Techniqiies into Monitcmng Systems: Cqnlbvy 
Ek cUmAo f cs is on a Oup*" J. Chromatogrtpf^f VoL 593, pp. 253-258 (1992)] and detcctioo 
t*.^>fffT;^fN« [R^c. Anderson, G.J. Boc^dam and RJ. lipshutz, "Miniaturized Genetic Anatysb 
System," in bitematiomd Workshop on SolidState Sensors and Actuators fHitton Head '96), 
pp. 2St-261 (1996)], have been fidiricaied using a sundry of technologies. Numerous fluidic 

10 propubional methods have also been developed based on mechanical pumping, pneumatic 

foices, ekctrasmosis [DJ. Harrison et aL."Miniaturized Chemical Analysis Systems Based on 
Electropbocetic Separations and Electrosmottc Punqiing," in Transducers *93, pp. 403-406 
(1993)), dteiectrophoresis (FLA. Pohl, Dieiectrophoresis. Cambridge: Cambridge University 
Picss (197S)], sulfide tension gradients [M.A. Bims et al., "Microfabricated Structures &r 

15 Integra DNA Analysts," Proa NatL Acad ScL USA. 93:5556-5561 (1996); R MittsumM> 
nd J.E. Colgate, "Pidimtnvy Invcstigatioo of Kficropumping Based on Electrical Control of 
Inter&dai Tension," in iniemationai Workshop on Solid^ate Sensors and Actuators (HUum 
Head '90), pp. IQS-1 10 (1990); G. Beni and M^ Tenan, "Dynamics of Electrowetting 
Displays," J. AppL Phys., Vol. 52, pp. 601 1-6015 (1981), bubUe generation [L. Un el al., 

20 -MicrobttbMe Powered Actuator," in Transducers '91, pp. 1041-1044 (1991)], and 

gvafffiral ii mH'ondrwffiti^ (T.1C Jun smd C J. Kim, "Miscroscale Pumping with Traversing 
Bubbles m Microcfaamels." in Intemationol Workshop on Solid^ate Sensors and Actuators 
(HUiom Head '96), pp. 144-147 (1996)]. 

However* effiMrts on system in t e grat i on of comp one n ts to date have been limitBd [S.C. 

25 Terry et ai.,''A Gas dvomatographtc Air Analyzer Fabricated on a Silicon Wafer," IEEE 
Trans, on Electron Detkxs, VoL ED-26, pp. IMO-1886 (1979); A. van der Berg and P. 
Bergveld, hScro Toitd Anofysis Systems, New York: Khiwer (1994)], which mainly indude 
tiriwr fcuft mir rr'**'**"**^ o»fagg mic ramThtmn g tecfannkipv. Both of them lack 
•iwi|J» contruction of components and the capabffity to intrgratc all of i4Mi^wncnts wkh 

Bulk miuimaci ttning technology, which includes the use of glass wafer processing, 
silicoo-lo-glass wafer bonding* has been commonly used to fabricate individual microflmdk 
v ^ffl tp ^rH * In Emopc, dns gbs^-bonding Trdmnlogy has abo been used to Miricate 
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microfluidic sysiems. In these systems, the control electronics are implemented on a hybrid 
manner external to the system. This system int^rati n method has several problems. 
Because these systems rely on brading of substrates, it is essential that the bonding surfaces 
create an hermetic seal to ]»event the leak^ of chemicals and reagents. This poses a great 
5 difiBcuhy when interconnection leads are present on the bonding sur&ces which prevent the 
surfKcs from being flat It is well known that it is exceedingly difiBcult to attain good boncb 
even using wdl-characterized techniques such as anodic bonding when steps on the bonding 
surfaces exceed 0*2 (un. Because of this planarity requirement* these devices 
require dther complex plannizatioD schemes, or die use of diiiused leads. Because of these 
10 difficulties; only relatively sin^>le fiuidic systems can be constructed jsing this schentie. 

Unlike bulk micromacfaining, surface micromachining technology can be used to 
fabricate individual fiuidic com pone n ts as well as microfluidic systems with on-chip 
electronics. In addition, unlike bonckd-type devices, hermetic channels can be built in a 
relatively simple manner using channel walls made of polysilicon [J.R. Webster et al,^ 
IS "Mmolitbic Capillary Gel Eiectropborcsis Stage with On-Chip Detector/ in ImematUmal 
Cofifierence on Micro Eieciromechamad Systems (MEMS 96), pp. 491-496 (1996)J, silicon 
nitride [C.R Mastmgelo mi R.S. Mullet, 'Vacuum-Sealed Silicon Micromachined 
Inc an desce n t Light Source.** in /nr. Electron Devices Meeting (IDEM 89), pp. 5(B-S06 (1989)) 
and silicon dioxide. Siv&ce micromachined channeb that are constructed with these thin 
20 fihns have two basic problems. Because the thickness of the films is limited to a few 
microns, the height of cavities smd cfavmds is very small (< 5 ^m) resulting in sub-pL 
sample volumes. These exceedingly small sample vohunes bodi strain the requirements for 
the sensitivity limits of detection schemes ami also aggravate die sur&ce adsotptioo of 
smples and reagents on die wall which further diminishes the sample co n cen tr a tion. On the 
25 ftbrioaion side, due to die strong natwe fA die silidm based building materials^ die formation 
of long capillaries is difficuh to accoa^>lidL This is bccuise the etchants used fcM* the 
sacrificial etch are rehrtively slow and in may cases extremely reactive (such as hydrofluoric 
acid HF). In these structures* it is customary to leave devices in the sacrificial etch sohitim 
for many hours. Special passivation layers (primarily silicon nitride SiN) are used to 
30 passrvale any active e kctr o nic devices that must survive the sacrificial cich. 
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What is needed is mtcromacfaining technology that allows for fabrication of rJ^qin^t^ 
with a flexibility in cross section and channel length at virtually no loss in system 
pcrfofnumce. In addition, the technology should be 1 w cost and should not require 
specialized equipment. 

SUMMARY OF THE INVENTION 

The present invention relates to polymer-based rotcro-ekctro-mechanical system 
(MEMS) technology suitable for the fabrication of integrated microfluidic systeoEis. 
particttiarty medical and chemical diagnostics ^stem. ink-jet printer bead, as well as any 
devices that requires liquid- or gas-fUled cavities for operation. The integrated microfluidic 
systems may consist of pumps, valves, chamnrh, reservoirs, cavities, reaction chambers, 
mixers, heaters, fluidic interconnects^ difiusers, nozzles, and other microfluidic components on 
top of a regular circuit substrate. This technology is vasdy superior than any alternatives 
available such as glass^based, polysilicon-based, MEMS tecfanoic^ as well as hybrid ^circuit 
board* technology {See e.g. D. VerLee et al^ ''Fluid Circuit Technology: Integrated 
Inteicouucct Technology for Miniature Fluidic Devices*** in Jntermuional IVoHcshop on Solid- 
State Sensors and Actuators (Hilton Head '96), pp. 9-12 (1996); R.C. Aoderaoo et 
a/.,*Minia>uri2ed Genetic Analym System,** in Intematiomd Workshop on SoUti-State Sensors 
and Actuators (Hilton Head '96K pp. 2SS-261 (1996); M. Albtn et a/.,'*Micromachtntttg »d 
Kficfogenetics: Where Are They and Where Do They Work Together," in International 
Workshop on Solid^e Sensors and Actuators (HUton Head '96), pp. 2S3-2S7 (I996X where 
pbstic have been used because of its high versttility to provide tra nsp ar e m satfaces and 
benign surftces). 

The present invention contemplates both methods and devices. In one embodimem, 
the prcseat invention contemplates a method for fabricating microchanneis, compnstng the 
steps: a) providing a substrate, said substrate having upper and lower surftces; b) depositii^ a 
first polymer layer on said upper satbcc of said substrate, said first polymer layer having i) a 
kywcr surfiKe contacting said upper sur&ce of said substrate and ii) an upper surfice; 
c) drp mit i ng a second polymer layer on said upper surface of said first polymer layer, saki 
second polymer layer having i) a lower swfrce ronnrting said upper surftce of said first 
polymer layer and S) an upper surfiKe; and d) sacrifickdly etdm^ saad fiist polymer layer 
imder conditions sudi dsU said second polymer byer conqirises wails of a microchanneL 
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In anodier embodiment the present invention contemplates a metlKxt for febricatiDg 
microdaiiiiels. comprising the steps: a) providing a silicon substrate, said silicon substr^ 
having upper and lower surfiKes; b) depositing a first polymer layer <hi said iq?per surface of 
said silicon substrate, said first polymer layer having i) a lower surf3x:e contacting said upper 
surface of said silicon substrate and ii) an upper surface; c) pbotolithographically defining said 
first polymer layer under conditions such th^ said first polynoer layer has a desired thickness; 
d) depositing a second potyroer layer on said nppa surface of said first polymer layer, said 
second polymer layer laving i) a lower sur&ce contacting said upper sur&ce of said first 
polymer layer and ii) an t^per surface; and e) sacrifidally etching said first polymer layer 
under condttioas such tfiat said second polymer layer comprises wails of a microchanneL 
It is not intended that the microchannels of the presextt invention be limited to any 
^)ecific dimensions. In me embodiment, the desired thickness of said first polymer layer is 
between O.S and 200^ and this thickness defines the height of the channel. 

Of course, the present invention amtemplates additional fabrication steps. In one 
embodiment, the present invention contemplates, prior to step (d) the step of 
photDiithographically defming said second polymer layer. In another embodiment, the ptesent 
invention contemplates after step (d) the step (e) of etchit^ qpemngs in said walls of said 
microchannel. in yet another e mbodiment , the present invention contemplates after step (d) 
and before stq> (e) the step of depositing a third polymer layer on said iqiper surfiKc of said 
second polymer layer. 

It is not intended that the prcsem invention be limited by the particular type of 
polymers. Polymers include, but are not limited to. photoresist, polyamtdc, benzocydobutenc, 
polydimetfaylsiloxane , vapor-dqsosited p-xylylene. pTFE, PMMA, p-HMDS, polypiopykne, 
starcb-based polymers* cpoxy, and acrylics. In one embodiment, polymer pairs are sdeded 
wherein the first polymer b soluble in a parfinilar solvent, wtnle the second polymer is not 
sohibk in the same solvent This permits the use of the polymer pair such that sacrificial 
etching with the solvent (or a mixture of solvents) removes the first polymer but leaves the 
second polymer intact to serve as the polymer for the microchameL 

It b not intended that the pcesem invention be limited by the particuliff barrier hiyer if 
used. The borrkr laycvs include, bitt b iiot liiiiitBd to, inetal, stack 
polymers, silic<»-baaed materials, and other in or ganic matrriah . 




The pcesent invention c ontemp l at es numerous arnmgcxDcnts of the various polymer 
For exanple, in one embodiment, the present invention comcmptoes a method for 



Mncaidag micfochamiels, comprising tbe steps: a) providing a silicon wafer, said silicon 
wafer having i^per and lower sur&ces; b) dqwsiting a first layer of a fiist polymer on said 
upper sur&ce of said silicon wafer* said first polymer layer having i) a lower surfece 
contacting said upper surface of said silicon wafer and ii) an upper surfece; c) depositing a 
second polymer layer on said upper surfece of said first layer, said second polymer layer 
having i) a tower surfece contacting said upper surface of said first layer and it) an upper 
sur&cc; d) pKoColitbographically defining said second polymer layer under conditions such 
diat said second polymer layer has a thidoiess between O.S and 200^; e) depositing a secmd 
faiyer of said first polymer on said upper sur&ce of said second polymer layer, said second 
layer of said first polymer having i) a lower sur£x:e contacting said i^per sur&ce of said 
second polymer layer and ii) an upper surfece; f) sacrificially etching said second poisoner 
layer under conditions such that said first and seoMtd layers of said first polymer comprise 
waUs of a microchanneL said microchannel having a height defined by said thickness of said 
second polymer layer of step (d); and g) etching <»ie or more openings in said walls of said 
rotcrochannel • 

This latter embodiment can also contain additional polymers. In one embodiment the 
method fiirdier comprises after s^ (e) and before step (f) the step of depositing a layer of a 
third polymer on said upper surfice of s»d second layer of said first polymer. 

Again, the present invention is not limited to particular polymerSL In the latter 
embodiment of the method of tbe present invention, it is preferred diat said first and second 
bycrs of said first polymer coaqvise vaporslqnsited p-xylykne. 

The preseitt invention is not limited to the nature of rmmber of openingSL In one 
embodiment, first and second openings are etched, said first opening serving as an inlet and 
said second opening serving as an outlet In one endxidiment. said <^»enings are etched from 
said lower surface of said silicon wafer into said lower swfece of said first layer of said first 
polymer. In another cmbodimcnL said openings are etched from said upper surface of said 
h^er of said diini polymer into said upper surface of said second byer of said first polymer. 

The potymer-based micro machin ing technology p ropose d here encompasses the 
c o m b in ed benefits of the plastic fluidic tecfancrfogics while caapMe of i nteg ra ti on of active 
micrpfluidic and electronic d ev ices on a moti olithic pa ck a g e, lleimcticalty sealed rhamirts 
can be fabricated with a fkxibility in cross section fflod channd lei^ a^ 
system performance. System integration b realized by the dnlity to fabricated various fhiidk 
components using the saihe process on top of standard yet complex MOS control circuitry. In 
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additioiK tbe polymer technology f the present hiventi n is very low cost and does not 
require specnbzed eqtiipment. 

Tbe devices of the present invention, once fabricated have a variety of uses. In one 
embodiment the present invention contemplates a polymer microchannel falmcated on a 
siltooQ sttetiate. wherein said polymer micro chann el is capable of conveying liquids or gases 
(or both). The present invention is not limited by the nature of the liquid or gas. In one 
cmbodimeat. the present invention contemplates a poljrmer mtcrochaonel fnbricalcd on a 
silicon subslratr. said microchannei ccmtaining one or more micnxkofriets. In another 
cmbodinMTit. the present mvention contemplates a polymer nuciochannel £ibficated on a 
silicoa substrate said microchannel connected to a reaction chamber* said reactioo chamber 
co ntain i ng biological reactants. 

It is not intended that the present invention be limited by the nature of the flow- 
ditecting means used to convey fluids through the polymer channels of the present invention. 
In one embodiment, the present invention contemptoes a device comprising a polymer 
cfaanneL said polymer channel comprising one ot more electrmfes positioned such that they 
will be in contact with a liquid sample placed in said channeL The present invention also 
conaemptates a method of conveying liquid in a m i crochan n el^ comprisii^ introducing a liquid 
into an embodiment of such a device, in one embodiment, two electrodes m employed and a 
potential b applied between the two electrodes^ At both ends of tbe electrodes^ bydnriysb 
takes place and a bubble is generated. The gas bubble continues to grow as the electrodes 
contimir pumping electrical charges to the fluid. The expanded bubble crepes a pressure 
dificrcmial between the two sides of die liquid drop which eventually is large enoiigb to push 
tbe liquid f b r waid and move it through the polymer channel. 

DEFINITIONS 

The following definitions are provided for the terms used herein: 
Tbe term "b iol og ic a l reactions* b used herein to mean reactions mvolvii^ 
biomokcitles (and biological reactants) sucb as ena y roc s (e.g., polymerases; wirlrascs; etc) 
and nncleic acids (bodi RNA and ONA). Btc^ogical samples are those containtng 
hMftnolrcuica, socb piDleins, hisds. nudcic adch. The sample may be from a microorganism 

bacterial culture) or from an animal inchiding faumaois (e,g. bloodL urine, etc). 
Ahcmatively, the sample may have been s uby ect to punficatioo (eg. extraction) or other 
treatment Biological reactions require some degree of biocompatibility vrith the device. That 



is to say, the reactions ideally should not be substantially inhibited by the characteristics or 
nature of the device ampooents. To this end. in nc embodiment* the polymer-based 
technology f the present invention contemplates polymer-based microchannels comprising 
biocompatibie polymers that do not inhibit biological reacticms. 
5 "Chemical reactions'* means reactions involving chemical reactants» such as inorganic 

compounds. Again, it is desired that the reactions should not be substantially inhibited by the 
chaiacteristics or nature of the device components. To thb end. tn one embodiment, the 
polymer-based technology of the present invemion contemplates polymer-based microchannels 
comprising polymers.tfaat do not inhibit chemical reactions 

10 "C3iannels'* are pathways through a medium (e.^, silicon) th^ allow fat movement of 

liquids and gasses. Channels thus can connect other componentSs ie., keep compments ""in 
liquid communication.'' "Microdroiriet transpcwt channets" are channels configured (in 
micitms) so as to accommodate "microdroplets." While it is not intended that the present 
invention be limited by precise dimensions of the diannels or precise volumes for 

15 microdroplets. illustrative ranges for channels and microdroplets arc as follows: the chaimels 
can be between 0.5 and 200 microns in depth (preferably between 10 and 100 Aun)and 
between 50 smd iMA §»m in width (preferably 500 /an), and the volume of the micnxlro|riets 
can range (calcuktted from dieir lengdss) between ^^ximatdy one (1) and (100) nuioliters 
(more typically between ten and fifty). 

20 The term "conveying" is used herein to mean "causing to be moved throu^" as in the 

case where a microdro|^ is conveyed through a transput chauiel to a particular pointy such 
as a reaction region. Conveying can be accomplished via ftow-dtrecting means. 

Tlow^iirecting means" is any means by which movement of liquid (e.g. a 
mkiodropiet) in a particular direction is achieved. A variety of flow-diredtng means are 

25 i* m^ n^ i ^A induding but not limited to pumps such as the "bubble pump" described herein. 
A pvefencd directing means envoys a surfice-leiisioo-gradiettt mrrhaninm in which discrete 
droplets sve differentially heated and propelled through etched ch a imcte. For continuous fkyw 
of Hquids^ punps are coniemplaled. 

"Initiating a reaction" means causing a reaction to lake place. Reactions can be 

30 inittattdby my means (eg., heat wavelengths of light, addition of a c^ The 
ptescnt invcxttioo contempiaies tnitiatii^ reactions in die channe l s and rcactkn rhambnrs 
f ab ric a ted acconhng to the methods of the present invcndcm. 
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"Liquid barrier" or "moisture barrier" is any structure r treatment process on existing 
structures that prevents short circuits and/or damage to electronic elements (e.g,^ prevents the 
destruction of the aluminum heating elements). In one embodiment of die present invcatim, 
the liquid barrier comprises a first silicon oxide la3rer, a silicon nitride layer, and/or a second 
5 silicon oxide layer. 

"Nucleic Acid Ampiiftcation" involves increasing the concentration of nucleic acid, 
md in perticuiar. the concentration of a particular piece of nucleic add. A preferred 
technique is known as the "polymerase chain reaction." MuUis, et aL^ U.S. patents Nos. 
4,683 J 95 and 4,683,202, hereby incorpormed by reference, describe a method for increasing 
10 the concentration of a segment of t»get sequence in a mixture of genomic UNA without 
cloning or purification. This process for amplifying the target sequence consists of 
introducing a molar excess of two oligonucleotide primers to the DNA mixture containing the 
desired target sequence. The two primers are complementary to their respective strands of the 
double-stranded sequence. The mixture is denatured and then allowed to hybridize. 
15 Following hybridization, the primers are extended with polymerase so as to form 

cooqilememary strands. The steps of denaturatimi, hybridization, and pol3rmerase extension 
can be repeated as often as needed to obtain are reiativ^ high ccMKentnition of a segment of 
the desired target sequence. The length of the s^ment of the desired target sequen c e is 
detennined by the relative positions of the primers with xcsptct to each other, and t herefo r e, 
20 this length is a controllable parameter. By virtue of the repeating aspect of the process, the 
method is referred to by the inventors as the "Polymerase Chain Reaction" (hereinafter PGR). 
Because the desired segment of the target sequence become the dominam sequences (in terms 
of concentration) in the mixture, they are said to be "FCR-amplified." 

25 DESCRIPnWi OP THE MtAWINGS 

Figure 1 b a sch e mari c of one ffnbodimf.at of an integrated microfluidic system using 
the tecfancrfogy of the present invention. 

Figure 2 is a ph ot o gr aph of an el e ctr on micrograph of a polymer chaimel made 
acc oi ding to the present inventiorL Rgure 2 {m) is m top view and Figure 2 (b) is a cross- 
30 sectioa 

F^inre3 is a schematic blowing a smqitified filskatk^ 
uivcution. 
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Figure 4 (a) shows the top view of a microchannei with topiype inlet fabricated using 
the methods of the present invention. Figure 4 (b) is a closeup eiectron-micrograph showing 
the three polymer construction f a channel made according to the methods of the present 
invention. 

5 Figure 5 (a) shows the top view of a thermal cycling chamber constructed using the 

methods of the presem invention. Figure S(b) shows the cross-section of a similar PCR 
thermal cycling chamber showing the large volume of the cavity. 

Figure 6 is a scries of schematics showing the basic process steps of one embodiment 
of the fabrication method of the present invention. 
10 Figure 7 is a schematic showing the simple suction pump. 

Figure 8 is a schematic showing the cross-section of a pass-through valve implemeikted 
using the polymer based channel technology of the present invention. 

Figure 9 is a schematic showing one embodiment of a bubble pump and capillary 

valve. 

15 Figure ID is a schematic showing liquid movement via the bubble pump and capillary 

valve. 

Figure 1 1 shows ancMher embodiment of a reaction chamber constructed using the 
-methods of the present invention. 

Figure 12 shows another embodiment of a thernKxrompression suction pump fabricated 
20 according to the methods of the present invention. 

Figure 13 is a schematic showing one embodiment of the fabrication method for the 
bubble pump and captlbry valve. 

DESCRIPTION OF THE INVENTION 

25 The present invention relates to polymer-based micro-eiectro-mechaiiicai system 

(MEMS) technology suitable for the fiibrication of integrated microfluidic systems^ 
pantcularly medical and chemical diagnostics systenu ink-jet printer bead* as well as any 
devices that requires Iti^iid-or gas-filled cavities for operation. The integrated microfluidic 
systems may consist of pumps, valves, chaimel. reservoirs, cavities, reaction chambers. 
30 mixers, beaters, fluidtc interconnects, difiuscrs;. nozzles, and other mtcroiluidic components on 
' top of a rq^ilv circuit sub^ateT 

Devices iabricaied under this invention consist of two planar levels of functionaii^ 
(See Figure I). The top level consists of a polymer-based microfluidic plane. 30-S0|i ^kk 
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that is caostmcted on top fa regular silicon substrate. This plane of fimctionali^ contains 
aSTthc mtaofiuidic components of the diagnostic system such as channels. punqiSs valves, 
tbennal cycling reactor chambers* reservoirs, and elcctropbofcsis stagies. Beneath the 
miSroffuidic plaxie. d)e"cdn&6L dc£^^ and communication dectronics are constructed 

mViranvei£o dup. A series of holes are etched tfaroi^ the silicon 

substts^ using anisocro^ etching thus fonning sample and reagent inlets and providing 
access to the mtcroflutdic plane. 

FigiTC 1(b) shows the proposed packaging assembly. First access holes are 
uhrasonicaliy drilled through a PGA ceramic package. The two-plane chq> is mounted on the 
package and wire bonds are connected on the lead side for the electrical imerconnects. The 
"fhiidic'* interconnects of the system «e on the opposite side of the chip and hence do not 
r uteifeie with the electrical connections. The chip cavity is next closed thus w>iattng ^ 
firagile electronic and microfluidic compmients from the surrounding enviromnent 

Figure 2 shows SEM photographs of 2S^-high, 3 mm-iong polymer chatmels with 
fiontside inlet The details of the fabrication process are disatsstd in the Experimental 
section. 

The proposed tectmology is suitable for the construction of a wide range of automtfed 
analytical instruments hence serving as a general testbench. When properly constructed, the 
l esibemh components can be configured to perform many dififercnt functions thus in essence 
forming a "fhiidic m i cr op rocessor". The present invention coiitenq>lates the use of a conmion 
fhiidic interconnect (Le,^ a fluidic bus) to move samples fiom any reservoir (or fluidic 
register) to any otherTas wdl as allowing for controlled mixing. The set of mixing operations 
performed by the fhiidic p r ocesso r can be controlled by an external logic circuiL 

The inventim of polymer-based m tcr o m a ch ining technology is vastly siqierior than 
those based on wafer bonding bulk miciomarhming, polysilKon surfocc mtTr^*fn?f hining, and 
hybrid plastic ^dtcuit board* technology in the following six cat eg o ries , (a) The mkrofhiadk 
plane fabri cati on is impkmcnted by deptm6oa of low^cmpaature hjm that do not degrade 
or change die undertymg circuit characteristics or its co n v cn ti citti process flow, (b) The 
fluidic-plaDe is fabricated using weak chemicals that do not attack the circuit pfame in any 
way. Thciftfofc complex miaofiuKfic devices can be fabricated nsing a regular MOS 
substrate pfame mrnaimng the control circuttry, and a polymer-based microfluidic plane 
c o rctfu c ted on top of it (c) Leak-tigfaft channeb are formed (hie to the con for ma tity of the 
poiymer depos i tion (a severe problem present in glass bonded devices): (d) Tall dameb and 
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chambers of difTercm heights can be easily fabrictted. Unlike silicon-based films; these 
polymers can be quite thick with a thickness reported as high as 200 ^. Curremiy we can 
fabricate channels that range bom O.S t I00^ in height (e) Very long channels can be 
fabricated widi short etching times (also a problem with poly-Si). (0 Polymer channel walls 
do not have the severe surfiice adsorption |m>btems observed in silicon and glass walls, (g) 
Polymer channels are opdcally transparent and are therefore are much simpler to test (b) Its 
process simpBcity mi its capability of integrating individual fhudk: co mp one m s together 
make integrated microfhiidic system possiUe. (i) Its batch*processang ability make 
microfhiidic system inexpensive. 

The following sections show several fabrication pr ocesses of microfluidic conqxHients. 
These microfluidic components and their process flows «e presented to demonstrate the 
feasibility of polymer-based technok>gy to fabrics the microfluidic systems. It is not 
intoMied that the presem mvention be limited by a particular type of foinrication inoccss. 

L SckctioD of Potymers and Polymer Pairs 

As noted above, it is not intended that the present invention be limited by the 
pOTtinilar type of polymers. In one embodiment polymer pairs are s ekcied wherein the first 
polymer is soluble in a particular solvent while the second polymer is not soluble in the same 
solvent This pcnnits the use of the pc^ymer pmr such that sacrificial etching with the solvent 
removes the first polymer but leaves the second polymer intact to serve as the polymer for the 
m ycT^Mr hff ftn^ \ 

Selection of polymer pairs and solvents can readily be achieved by making reference 
to known solubilities of particular polymers with particular solvents. An example of such 
known sohMlities is shown in die Table below (where means sohMe, means 
tiBohiblc. *(+)" means soluble at high tempera t u r es ). ^KciiicaUy, illustralive solvents and 
polymers are given akmg with their co rre sp onding &, and 5> values. 
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lilusttative Solubilities and Solubility Parameters f Polymers 


Solvent 


Solubiii^ of the Polymer 






Poly<isobuteiie) 


Poly(inethyl 
methicryJate) 


Pol^vmyi 
acettte) 


Poly(hexanettH 
yleae adtpamide) 




&i 


5; =^7.9 


6j = 9.t 


5,-9.4 


& - 13.6 


Dccafluofobiilsoc 


5.2 


- 


- 


- 


- 


Neopeaane 


6^ 


+ 


• 


- 


- 


Hcxmc 


7.3 




- 


- 


- 


Diediyi ether 


7.4 


- 


- 


- 


- 


Cyckrfiexine 






- 


- 


- 


CMbtm 
fetfachkyide 


8.62 


+ 




- 


- 




9.2 






+ 


- 


Chlorofomi 


93 


+ 




+ 


- 


But»one 


9.3 


- 




+ 




AceiMe 


9.S 


- 




+ 




C«bon dtsuifkle 


10.0 












10.0 










DimetliyI 


12.1 






+ 




M^Cresol 


13 J 










FofTDtc icid 


13-5 










Methanol 


14.5 










Water 


23.4 











Tbt utility of tbe solubility parameter aiiproach b that 5 (soluUlity parameter) 
can be cakuhtfcd for both the polymer and solvent There arc three separate forces which 
together infhmrr die 5*s mmerkal value. These include: I) the mnnber of dispersive forces 
present; 2) die number trf* dipole-<fipcrie finccs prcso^ and 3) the number of hydrogen 
bonding fixccs present As a first approithnarion and in the absence of strong istfcractiotts 
such as hydrogen bondings solubility of a pcriymer in a solvent can be expected if 5| * >s 
less than 1.7 - 2.0, but not if apprcdaiMy brgcr. 

Thus, as a general nde of tfanmh, a poiyroer b expected to be soluble in a solvent 
where 5, b qiproximateiy equal to 5>. Of course* it b ccmtempiitted thai these values need 
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not be equal The present invention contemplates using polymers and solvents where the 
vahies of 5| aad are within apprndtaaibdy 2.0 units (more preferably within qsproximaiely 
1.0 tmit and most preferably within ai^ximately 0.5 units). 

It IS not i nten de d that the present invention be limited to the solvents and polymers set 
5 forth in the above Table. Other solvents and polymers are contemplated For example, 

sohdrie sohttioiB of poiy(styrene) (& = 9.3)» are readily obtained with butanone (S, - 93) and 
d im ethy li pf i aiBode (S,= 12.IX but not with acetone ((5|= 9.8). In the Uqukt acetone, the 
acdooe mdccnJcs ftxrm dtmers throu^ dipole-dipole interactions. In these dknersv the kcto 
groups are sfaiekled by the methyl groups; and so are no longer aUe to soivale the phenyl 
10 groaps trf^tfae poiy(styrene). The addition of the cyclohexane (5,= 8.2) decreases the tendency 
of the acetone mo le cules toward association, and thus frees kcto groups for solvation. For the 
same reason, it is also possible to have 40% solutions of poly(st)nrcne) in acetone. Butuone. 
on the other hand, is "internally diluted" by the additional CH^ group, and is therefore a 
solvent over the whole concentration range. 
IS Similar reasoning i^splies to mixtures of solvents. A solvent with a lower solubility 

paramrtrr (£e. than that of the polymer) can be combined with a solvent with a higher 
soltdrility paganieter (i.e. than that of the polymer). Poiy(acrylonitrile) (S^ I2.8)» for 
exaniq>Ie dissolves in bc^ dimethylformamide (5,= 12.1) and malodinttrile (5|= IS.l), but not 
in a mixture of die two. In some embodiments, tte present invention cmtemplates etching 
20 with solvent mixtures. 

IL Bask FolyaMT r ro ct i s: Polymer Channgir 

The basic febricatkm process begins with a ccmventional silicon CMOS pro cessed 
substrate, as shown in Figure 3. In this figure, iidet and outlet are etched from the fiont side. 

25 However, hark^rtr inlet and outlet can easily be made by etching holes into the substrate 
from the backside using an anisocropic etchant such as cthylenediamine pyiazine (EOT). 
tctr«netfaylanunonium hydroxide (TMAH) or even XeF^ stewing at the possivaticm oxide or 
nitride (also see Section HI). Other ahematives on passivation layer includes 
Qxideftntridc/oxide and tow stress silicon-rkfa silicon nitride. Next, the midofluidic plane is 

30 constructed using the simplified process shown below. First a thick polymer layer ts 

Jfp o aited and p hn t oli l ht>giaphira lly defined onto the substrate with the thickness requked for 
tEe SbiiiS^liaght (03-I0(V)> Next a second potymer is deposited serving as the walls of the 
chamrh The second polyraer is next etdied defining the exbmTof dsT^^ walls. Hoi» 
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to polymer 1 can be etched either from the front r through the backside by plasma etching 
the passivation oxide {isee Si^bn IHIT 1^ I is now saoificiaily etched leaving~a 
channei behindT rh some cases'wBere pblynij^^TmajTrc^ a third material 

saw'lsirbaiTOr 

has to be relatively conformal to provide a complete physical contact of polymer 1 from 
polymer 2. 

Figure 4 is an example of a simple polymer chamd: Figtoe 4(a) shows the top view 
crf'a IOOm wide; 25|i-high chamnd with toptype inlet fabncatad using this process. Channels 
as long as 3mm are completely sacriiiciaUy released in under 20 miniztes~Bmc. ^these 
channels are critically clear. Figure 4(b) shows a doseiq> SEM showing the three polymer 
omstniction of a IS ^-high channel with 40 ^-thick walls. 

In this example, photodefinaMe polyamide is used a polymer 2. vapor*<teposited p- 
xylylene as the thin intermediate barrier material, and thick photcxesist as polymer 1. The 
details of embodiments of the fabrication process are set fcnrdi in the Examples. It is not 
i ntended that the present invention be limited by the particular type of pol3fmers. Polymers 
include, but are not limited to, photoresist, polyamide, benzocyclobidBne, 
polydimethylsiloxane, vapor-deposited p-xylylene. pTEE. PMMA, p-HMDS. polypropylene, 
staich-based polymers, epoxy. and acrylics. In addition, it is not intended that the present 
invention be limited by the particular barrier l^cr. The barrier layers include, Utt is ixit 
limited lo, metal, stack of different metals* pTFE, polymers; silicoi>*based materials, and other 
inorganic materials. Fluidic Interconnects can also easily be bbricated as shown in Example 
2 (below). 

IlL FabncatiBg Reservoirs, Mixers* lUactioB Chambers, Gmtics 

Reservoirs, mixers, reaction chambers, and aiiy cavities can be fonned by proper 
enlargjcment of the chsmeb while heaters, detectors, and active circuits reside oa the CMOS 
plane below. Figure S shows an cxan^>le of a reacticm chamber. Tte details of one 
wwb o diment oi the fa bric at ion process are stt fcnth in the ExampkSw Figure 5a shows the top 
view of 1 nmi', 25 pm-htgh diermal cycling chamber constructed using this process. The 
dots on the cavity are posts periodically spaced inside the cavity which enhance mixing snd 
sttfien the cacviQr to prevent it coUafise. The cavity b connected stt both ends widi short 
channels leading to top inlets and outlets. Hgwe 5(b) shows the cross-section of a simiiar 
PCR thermal cycling chamber showiiig the large vdume of the cavity. Ink-jet printer head 
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cm be fidiricated stmiiar to the PCR reactor except that there are arrays f etch holes (circular 
or square) on the structural polymer. Instead of forming post in the large cavity, internal 
walls are built so that each etch hole is isolated and is c nnected to an internal reservoir, 
which stores ink. Under each isolate cavities, heaters are placed or suspended on tope of the 
3 substiate. 



IV. FaMcstiBC Actmlm 

The same process also allows the ftbricatton of act u ator s such as valves and pumps. 
The polymer process must include the following layers: (I) a sacrificial polymer layer for 

10 fomm^ cavities and channels: (2) a thick elastic structural polymer l^rer for fcmning elastic 
diaphragms needed in pumps and valves. This thin polymer can also serve as a barrier layer 
in some cases; (3) a thick structural polymer layer for construcsioa of thidc chamiel walls and 
bossed diaphragms; and (4) a metal layer that can carry current ettfaer embedded between (2) 
and (3) or on lop of layer (3). Figure 6 shows the base process steps carried out to &bricate 

IS Ithe actuator. 

The process begins with a convemiooal CMOS, bipolar, or BiCMOS substrate 
pesstvtted by a lacyer of silicon dioxide. Metal lines can be present on the circuit side if 
desired. The next step in the process consists of the opemng of holes on the back sid e oxide 
by plasma etching. These holes will provide access to the microfluidic polymer pfame. After 

20 this Step, the circuit substrate is immersed in a silicon rich TMAH solution that anisc^roptcally 
etches the substrtte all the w^ to the passivatioo oxide layer. The cavities formed by this 
etch are bounded by the 11 1 crystal planes of the substrate. The silicon satur a ted TMAH 
sotulion will not attack any aluminum wires exposed on the sur&cc [U. Schankenberg et 
atJTMAHW Etdumts for Silicon Micrpmachining," in Tmwktcers 9K pp. 8IS-818 (1991)). 

25 After rinsing and drying the substrates, a passivation layer is deposited on top of the 

circuits and sidssequendy p at tern ed. The passivation layer is needed if the system being built 
must handle fluids that contain mobile ions such as sodium ions and potassium ims (many 
Hffrhrmiral reactim» require weak KC3 buffer solutions) vtMdi can easily difbse through die 
oodde pflBsivatioa of the circuit plane. Several types of passivation layers can be used (or 

30 even none). Cdnventioiial materials such as sputtered SiN serve the purpose Cfuitc wdL 

Polymers c» also be used as a barrier to the rotitarainam difibsioiL The barrier layer is next 
photo li tho g r a pl^caBy defined and etched on the areas Icaifing to the backside inlet and metal 
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Wafers that have reached this state are ready for the construction of the microfluidic 
plane. First a thick polymer I layer is deposited and etched on t(q> of the substntte. This thick 
polymer serves as a spacer layer that determines the height of channels and microfluidic 
components. Multiple thicknesses on the same wafer can be obtained through time etching or 
multiple depositions. The range of thicknesses for this polymer is between 0.S-200^. Next a 
thin layer of polymer (polymer 2) 0.5-2^ duck is deposited uniformly onto the wafer. 
Polymer 2 serves as a thin structural layer that is easily deflected, and as a barrier layer in 
some cases. Its main purpose is for the ^sricadon of flexible membnmes required by the 
pumps and valves d escrib ed earlier. Next, a thin layer l-2^ of alimimm is evaporstfed on 
top of polymer 2 and it b photolitbognqphically defined to form paraUel conductors and 
interconnects used in the fhiidic actuators. The process is followed by the deposition and 
patterning of a thick polymer (polymer 3) that provides structural support for the chamiels atxi 
microflutdic cmipcment walls. Next holes are opened on the thin polymer 2 layer leading to 
brading pads on the circuit plane and also providing access to polymer 1 if desired firom the 
front side. At this point the reminder passivation oxide that separates polymer 1 from the 
backside inlets is etched by plasma etching. In the liast step of the process, polymer 1 is 
sacrifidally etched thus releasing the channels and fluidic actuators. The chips arc next 
mounted on a ceramic package and the electrical leads are fc»med by wire boodii^ As an 
exam|rie> polymer I can be photoresist, polymer 2 cam be p-xylylene; and polymer 3 can be 
polyamide. 

Droplets of the ^amplr^ must be moved to the various parts of the system in onkr to 
perform wious tests on the fluidic chip. A thermocomptcssion suction pumps that create a 
pressure differential b e t ween the two sides of the liquid drop can be used. A skojpit sadkm 
pump can be constructed as shown in Figure 7. The puiiq> basically consists of a healer and a 
valve. This device is amstructed with an ad ditional thin polymer layer and an embedded 
metallization inserted on the mkrofluidic |riane. The construction of this type of pump is thus 
entirely ccmipatiMe with the polymer-based technology. This pump basically consists of a 
heater constructed on a polysihcoo heater constructed on die MOS plane placed under the 
polymer channel and an exhaust valve. The exhaust valve consists of an e nlar ged version of 
die channel with a centra! outiel On top of die polymer vah^ a scries of pandldahnimaD 
wires are pattcinetL The ahawinum wires are placed between a thin polymer and a thick ooc 
thus fonnittg a boss region and a d ia p hr agm. Thb valve b magneticatty actuated i^on 
applicatioa of a trans v ersa l magnrtir fidd B (through an external pcmuueui magnet). The 
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valve eitbcr closes or opens depending on die direction of the current I on tbe parallel 
conductors. Magnetic actuaticm was chosen for the valve because tbe tall channels ge n e ra ted 
by the polymer-based process have very high puil-in v Itages hence rendering ekctrostittic 
actuatimi impracdcal. 

5 The tbermocompression pump operates as follows: first, the exhmist valve is opened 

and the beater is powered up. Next tbe valve is closed and the healer is nitned off thus 
forming a partial vacuum on the channels as the trapped air cools down. This partial vacuum 
propels the drop forwvd until tbe pressure difference disappears. Tbe cycle is repeated for 
coDtnious pumping. Propulsion of the droplet in the reverse direction can also be adiieved 

10 by expanding the gas r^her than contracting it Thb type of simple pump can generate 

pneumatic pressure differences as high as 0.5 ^, well above the diresfaold needed fior tbe onset 
of motion of droplets in capillarks. If tbe pneumatic drop motion mrrhanisro is tised. pass- 
thmtgh Yohses are needed into the system. These valves basically constrict the channels at 
various points in tbe system thus acting as gates that block the passage of liquids. Pass- 

15 tfaroi^ valves are necess ar y to impecfe the continuous drawing of liquids onto the c^Hllary. 

Thb situaticm occurs due to the fact that when droplets are moved inside the caillary rhannrJi , 
they fixm a partial vacuum behind them which can in turn move drops on other parts of tbe 
system. Pass through valves impede the entrance of these drops onto places where there exist 
tcmpoiary vacuum pressure differences. It is also important to point out that once a channel 

20 is Mocked, it is necessary to open an exhaust valve (such as those made for the 

tbermocompression pump) tftacbed to tbe sme end as tbe blocking valve if additional liquid 
drop motion b desired. The exhaust valve provides and additional inlet dutf impedes the 
fonnation of a vacuun behind tbe movii^ drop that would ultimately stops and a dditi o n al 
drop m o ti o n 

25 Thb brings tbe important point diat pumping of discrete drops can only be 

accooqilished when one of channel ends is open to the environment Thb problem has been 
pointed out by Anderson {stqjra) who has propo ses the use of permeable membranes to 
elinumte thb problem. Figure 8 shows die cross-section of a pass^loough vahc iinpicoienttd 
twifig the polymer hmtd chmeL Tbe valve b^ically consbts of a flat round segment of an 

30 enhBgcd chanel that b constructtd in its collapsed form by tbe detamte removal of 
polymer 1. A patch of polymer 3 (Teflon) b placed under the valve such tint polyi^ 
not stick to die sutCkx. The valve b opened or closed by applying a current to the 
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ccMxhictors above the pass-through valve which bticide the diaphragm tqiward thus opening 
the valve. 

V* Babbk Panps and Capillary Valves 

S As noted above, it is not intended that the present invention be limited the nature of 

the flow-directing cneans used to convey fluids through the polymer chttmels of the present 
invention. In one embodiment, the present invention contemplates a polymer channel 
comprising one or more electrodes in contact with the liquid sample. A schematic of one 
embodiment of the bubble pump and capillary valve is shown in Figive 9. The bubble pump 
10 comprises a polymer channel with several electrodes (e.g. Ti/Pt electrodes) in contact with the 
liquid sample. When coupled with the cqnllary valve, the bubUe pun^i can actuate a certain 
quantity of fliiidic samples along the polymer chip. The capillary valve is essentially a 
narrow section of a polymer channel. In oper^onu the fluidic sample is first injected in the 
inlet reservoir. As soon as the fluid is loaded, it moves in the channel by capillary force. 

15 The fluid then passes the narrow section of the channel but stops at the edge where the 
cbanoel widens again (see Figure lOA). After the fhiidic sample is loaded, a potential is 
allied between two electrodes. At both ends of the electrodes, hydrolysis occurs and bubble 
b generated. The bubble keeps on growii^ as the electrodes continue pumping electrical 
charges to the fluid (Figure lOB). The expanding bubble then creates a pressure differential 

20 between the two sides of the liquid drop, which evemually large enough to push the liquid 
forward (Figure lOC^. 

The combination of bubble pmp and c^>illary valve is n excellent fluid propelling 
device. This ?rt*"»^"c device does not require any moving parts and is easy to bbtkaic. In 
addition, the device produces a well-controlled fluid motion. vAidb depends on the bubble 

25 pressure. The bubble pressure is controlled by the amount of charges pun^ml by the 
el ec tr o d e s. F u r th ermore; the power consumption of die device is minimal. 

EXPERIMENTAL 

The fblkywing examples serve to illustrate certain preferred embodiments and aspects 
30 of the present in vc mk io and are not to be construed as limiting the scope thereof. 
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EXAMPLE 1 

This example describes ne embodiment of the fabrication method f the present 
invention. More specifically* this example describes one embodiment of the process flow for 
channels and cavities with frontside inlets and outlets. 

The process starts with a 4 inch siliccm wafier. Thereafter, the steps are as follows: 

0. (Optional) Dqiosit 2^-thick p>xylylcne with primer. 

1. HMDS is spread at 200 rpm for 168, smd spun 4000rpm for 30s. 

Z Photoresist (AZP4620) is spread aft 200r|»n for 16s. and spun ^ 7S0rpm fcH- 
SQs (about 20|i-thick). E)q)eriments reveal that this reast does not stick too well with silicon 
stttetrate without ^jplying HMDS. For some other resist, HMDS may not be applied 

3. Remove the resist bea<b which reside on the edge of the wafer using 
soaked with acetone. This step is n e ce s sar y because these beads will glue to the mask plate 
during mask aligning. 

4. Soft baked on a hot plate for 2 mins. at 130X. Lower temperature with longer 
bake time should also work. 

5. P att er n ed Mid exposed a intensiiy of 1250 ml/cm-. 

6. Developed for 16 mins in AZ3I2: H20=l:l. 

7. Hard baked at no*" for 3 mins. 

8. Plasma etchii^ using at SOW: 2S0mT for 2 mins. Longer etehing time may 
bum the resist. 

9. Depoat 2 )im-thick p-xyiylene without applyii^ primer. The p-xylykne will 
crack if it b too thin, and resist will crack if primer is applied Without primer, the acBiesion 
between p-xylylene and stikon substrate is not too good. 

10. Plasma etchittg using Oy a WW 6x 2 mins. This dry etduig is n e cessar y to 
improve the adhesion between p«ylene and poiyamide. 

1 1. Poiyamide (P^rfyamide 7020 fiom OCG) is spread at 200rpm for 10s, and spun 
at 2500^ for lOs (about 40p-thtck). 

12. Soft bake at WC for 2 miss, foUowed by baking jtt 110^ for 7 mins.. 

13. Patieredandexposedat imensity or350ml/cm-. 

14. Bdbe at 105^ C for 1 mins. 

15. Let it rest for 30 nins. 

16. Develop (QZ2501 from OCG) for 6 mins. Agitate. 
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17. Rinse (QZ3SI2 fnmi OCG) for 2 mins. Agitate. If some white residual is 
observed, put tbe wafer to the developer. 

18. Blow dry. 

19. Repeat Step 2 to 6. No HMDS is applied because adhesion between p-xylylene 
aid polyamide is strong enough. 

20. Etching p-xylylene: Plasma etching using O2 at 2S0W, 250mT for 20 mins. 

21. SaciiScial release: Immersed into hot Acetone for 20 mins. 

22. Rinse widi IPA and water. 

23. (Optional) Final Cure 250^ for 30 mins. Higher temper^ure may bum p- 
xyiykne. 

EXAMPLE 2 

This example describes another embodiment of the fabrication method of the present 
invention. More specifically, this example describes one embodiment of the process flow for 
fluidic interconnect The process starts with a 4 inch silicon wafer. Thereafter the steps are as 
follows: 

1. Rqieat Step II to 18 from Example 1. 

2. Repeat Stq> 2 to 6 from Example 1. 

3. Repeat Step 9 to 22 from Example I. 

4. (OpCimial) Final Cure 250* for 30 mins. Higher temperature may bum p- 
xylylene. 

EXAMPLES 

In this e xa mp le ^ another e mb o dim ent of a reactmn chamber is co n st ruct ed using the 
n*^*h> ^ of the pieaent tnventioa. Tbe Uirication process is same as in Fxam|rie I (aboveX 
Figure 11 shows the resuhii^ reactioa chamb er with one suppc»ting post The reaction 
fhau^m b approodmalcly 1mm long» Imni wide and 20 ^m high. 

EXAMPLE 4 

In this example^ uMilhf j fiTibodiment of a thf r iinMiAwnpi casKWh sbi ' lk>j^ pump ' is 
fabri cate d a ccw d ing 10 the methods of the prcscat invention. A th e im o co i npc ei iw i n suction 
pump IS fa h r icat e d (Figure 12) that b sinalar to the one described in Figure 7 of the patent 
Figure 12 shows a polymer valve of 1mm in diamrtrr with a 30 pm thick boss of 320 |un in 
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diameter. The valve OTifice is 80 ^m in diameter. A combination of chfomium and gold of 
SO ^m-wide are placed on top of the 4 fim-thick p-xy)ylene diaphragm. The polymer valve is 
connected to a stand channel of 100 ixm wide. 



5 EXAMPLES 

In this example^ one embodinient of the fidxricadon method for the bubble pump and 
capilbtfy valve is descri b e d . Figure 13 is a schematic showing the embodiment of the 
fabrication method for the bubble pump and capillary valve. 

The process begins with a 100 mm p-type silicon substrate with a 0.7 nm layer of 

10 tfaermally grown silicon dioxide. The hydroiyas electrodes are next formed by evaporating a 
thin layer of 20 nm of Ti followed by a 30 nm layer of Pt and patterned by lifiofT using a 3 
^m of Shirley 1827 friiotoresist md acetone. A unifmn thin layer of p-xylylene (Spedahy 
Coating Services* parylene-Q 2 ^m-thick is vapor deposited at room temperature on the 
oxidized substrates. The p-xylylene layer is next roughened with a lOOW, 300mT Oy plasma 

IS for 2 mimtfes to inqirove the adhesion of the subseqtient potymer layer. A 10 ^m-thick layer 
of frfiotosettsitive polyamide (OCG Probimide 7020) is next spin-cast at 7000 ipm for 10 sec 
serving as a stop. The sample is soft baked at 90*^ for 2 miiL followed by 1 10* for 7 mtn. 
The soft bdced polyamide is next exposed and patterned with a dose of 250mJ/cnr followed 
by a bath in OCG QZ250t developer for S min and a I min. rinse in QZ3SI2. Next, a 

20 second 2 ^m layer of p-xylylene is deposited on top of the polyamide and selectively etched 
on the Pt electrode areas with a 2S0W^ SOmT A plasma for 30 min. After th^ the polymer 
chaimel is ready to be constructed. Hrst a 20 ^m-thick sacrificial layer of AZP4620 
(Hoechst) photoresist is sfnn cast at 7S0 rpm for SO sec. and S(rft baked at 130* and exposed 
using a dose of llSOmL^ofr Id define the chsmnel area. A second partial exposure of 

25 ISOmMcm^ is performed to define the narrow secticxi of the channel, followed by a 10 min 

development in AZ 312. After that, the wafer is hsd baked at I30*X;, foUowed by a shon (K 
plasma descum. A tfatrd 2 \m thick layer of p-xylylene is deposited which a > n q >letely seab 
the resist layer and pie v eins the subsequem polyamide solvent from attack ing the soft 
sacrificial resist The top p-xylylene is next roughened with (X plasma and the lop structural 

30 layer is coastrucied by spm-casting and p a nttning a 30 pm thick of phoiorc sis l polyamide as 
d e s c ri b e d earlier. Tfab is followed by an plasma descum and a fiiml 1 pm p-xytykae 
deposition. Access holes to the sacrificial resist are patterned using a 20 pm-thick layer of 
resist (AZP4620) and etched m a 2S0 SOmT, O2 plasma for 3S min. that removes the two 
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p-xylylcne layers on top of the sacrificial resist layer and at the san» time the three p- 
xylylene layers n top f the platinum electrodes for electrical contact The masking resist 
and the sacrificial resist layer are both rem ved in a warm bath of acetone for about 50 min, 
followed by a rinse in isopropyl alcohol and DI water. 

5 

From the above» it should be clear that the poIyroer*based tedmotogy of the present 
invention provides a micromachimng technology that allows for fiteicatioo of channete with a 
fleadbility in cross section «td channel length with virtually no loss in sysbtm performan ce. 
10 In ad^tion, the polymer technology of the present invention is low cost md does not require 
^1 iali3Hcd equipment. 
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CLAIMS 

1. A method for fabricating nucrochanDcls, comprising the steps: 

a) providing a substrate, said substrate having upper and lower surfiKcs; 
5 b) depositing a first polymer layer on said upper surface of said substrate, said 

first polymer layer having i) a lower surface contacting said upper surface of said substrate 
and ii) an vcpper surface; 

c) depositing a secoid polymer layer on said upper surfoce of said first polymer 
laycr« s»d second polymer layer having i) a lower surface omtacting said upper sur&ce of 

to said first polymer layer and ii) m upper surfoce; and 

d) sacrificially etching said first polymer layer under conditions such that said 
second polymer layer comprises walls of a microchaimd, 

2. The method of Claim I « wherein said substrate is a silicon substrate. 

IS 

3. The method of Claim 1. further comprising* prior to step (c) the step of 
photolithognqshtcally defining said first polymer layer under conditions such that said first 
polymer layer has a desired thickness. 

20 4. The method of Claim 3, wherein said desired thickness of said first polymer layer is 
between 0.5 and 200^. 

5. The method of Claim L further comprising* prior to step (d) the step of 
photolit h ogiaphically defining said second polymer bycr. 

25 

6. The method of Claim K further comprising, after step (d) the step (e) of etching 
openings in said walls of said microchannel. 

7. The method of Claim 6« further comprising afier step (d) and before step (e) the step 
30 of ^^^ pmrtrne a third polymer latycr on said i^er surfiKe of said second polymer layer. 

8. The method of Claim K wherein said first polymer wad said second polymer me 
sclccltd fiom the group donststiog of photoresist, poiyamide. benzocjrclobutene. 
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polydiincthylsiloxane. v^xnr-dqiosited p-xylyiene, plTE. PMMA. p-HME>S« poiypropyleoe, 
starch-based polymers, epoxy, and acrylics. 

9. A method for fabricating microchannels, comprising the steps: 

5 a) FHOviding a silicon substrate, said silicon substrate having iqpper and lower 

surfiEces; 

b) depositing a first polymer layer on said npptr sur&ce of said silicon substrate, 

said first polymer layer having i) a lower sur&ce contacting said upper surface of said silicon 

substrate and ii) an upptr sur&ce; 
10 c) photolitbographicaily definiiig said first polymer layer under conditions such 

that said first polymer layer has a desired thickness; 

d) depositing a second polymer layer on said upper surface of said first polymer 

layer, said second polymer layer having i) a lower surface contacting said upper surface of 

said first polymer layer and ii) an upper surface; and 
15 e) sacrificiaUy etching said first poijrmer layer under conditions such that said 

second polymer layer comprises walls of a mtcrocfaanoel. 

10. The method of Claim 9. wherein said desired thickness of said first polymer layer of 
Step (c) is between 0.5 and 200^. 

20 

11. The method of Claim 9. further comprising, prior to step (e) the step of 
pbotolithografthically defining said second polymer layer. 

IZ The method of Claim I. liirther comprisi ng, afler step (e) the step (0 of etching 
25 openings in said waUs of said microchanpeL 

13. The method of Claim 12« further comprising after step (e) and before step (f) the step 
of depo si t in g a tturd polymer layer on said tapper surface of said second polymer layer. 

30 14. Tbe method of Claim 9, wherein said first polymer and said second polymer ave 
aclectrd nm the group c o nsi s tin g of f Ao to r esis t, polyamide, benzocydobuieDe^ 
pcriydimethylstkxxaDe, v^Mir-depostted p-xj^kne, pTFE« PMMA, p-HMDS, polypropylene, 
starch-based polymers, epoxy« and acrylics. 
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I S. A method for fabricating microchannels. comprising the steps: 

a) providing a silicon wafdr, said silicon wafer having upper and lower surficcs; 

b) depositing a first layer of a first polymer on said upper surface of said silicon 
wafer, said first polymer layer having i) a lower surface contacting said upper surface of said 

5 silicon wafer and ii) upper surface; 

c) depositing a second polymer layer on said upper surface of said fiist layer, 

sad second polymer layer having i) a lower surfiKe contacting said vfpet surfoce of said first 
layer and ii) an upper sur&ce; 

d) pboiolitbografifaically defining said second polymer layer under conditions such 
10 that said second polymer layer has a thickness between 0.5 and 200|i; 

e) depositing a second layer of said first polymer on said upper sur&ce of said 
second polymer laycr^ said second layer of said first polymer having i) a lower sur&ce 
contacting said uppa sur&ce of said second polymer layer and ii) an upper surface; 

f) saciificially etdiing said second polymer layer under conditions such that said 
IS fust and second byers of said first potyroer con^nrise walb of a microchanneU said 

miciochffinel having a height defined 1^ said thickness of said second polymer byer of step 
(d);and 

g) etching one or more openiiigs in said walls of said microchannd. 

20 16. TIk mctfwd of Claim 15, further comprising after step (e) and before step (f) the step 
of depositing a layer of a third polymer on said upper surfecc of said second byer of said 
first polymer. 

17. The method of Claim 16. wherein said first and second layers of said first polymer 
25 comprise vapor-depo si t e d p-xylylene. 

Ig. The method of Claim 17. wherein. ^ step (gX first and second openings are etched, 
said first opening serving as an inlet and said second opening serving as an outkc 

30 19. The mediod of Cbim IS. wherein saki openings «etobedfn>m said lower 
said silicon wafer iittD said lower surfiKe of said first byer of said first polymer. 
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20. The method of Claim 18, wherein said openings are etched from said upper surfiKe of 
said layer of said third polymer int said upper surface of said second layer f said first 
polymer. 

21. A device, contfvising a polymer channel craiprising one or more electrodes positioned 
such that they will be in contact with a liquid sample |rfaced in said channel. 

22. The device of Claim 2K wterein said polymer channel comprises two electrodes. 

23. A method of cmveying liquid in a microchanneU ccm^yrisii^ introducing a liquid itito 
the device of Claim 22. 

24. The method of Claim 23. wherein a potential is af^ed between the two electrodes 
under cooditions such that said potential results in the generttion of a gas bubble large enough 
to move ^ least a portion of said liquid in said polymer chamel. 
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FIGURE 9 
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FIGURE 10 
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